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so that thermal inputs do not alter the performance 
characteristics of the graphite mesh antenna. 
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MESH-CONFIGURED RF ANTENNA FORMED OF 
KNIT GRAPHITE FIBERS 

FIELD OF THE INVENTION 

The present invention relates in general to electri 
cally conductive mesh articles and, especially, to those 
characterized for use as ?exible high performance re 
?ective antenna surfaces. 

BACKGROUND OF THE INVENTION 

Advanced microwave signalling transmission net 
works, particularly space-deployed communication, 
command and control (C3) systems, require deployable 
antennas con?gured of high performance ?exible re 
?ective surfaces. For this purpose knit mesh materials 
have been demonstrated to provide a sufficiently high 
level of performance that their continued use as re?ec 
tor materials can be expected in the future. Unfortu 
nately, conventionally woven mesh structures suffer 
from a signi?cant problem of high in-plane mechanical 
stiffness, that can manifest itself through a number of 
characteristics which can degrade antenna perfor 
mance, including difficulty in holding surface contour 
manufacturing tolerances, difficulty in maintaining ten 
sion in the surface resulting from thermoelastic effects 
and distortion of structural support members upon 
which the antenna mesh is mounted (also resulting from 
thermoelastic effects on the mesh). As system operating 
frequencies continue to increase, the stiffness problem 
becomes more pronounced, since stiffness is inversely 
proportional to antenna mesh hole size which, in turn, 
must be made smaller to maintain RF gain. 

Fortunately, there has now been developed a mesh 
con?guration which successfully addresses the stiffness 
problem and is expected to continue to enjoy a degree 
of performance heretofore unmatched by conventional 
mesh structures. More particularly, in the U.S. Pat. No. 
4,609,923 to Boan et al, entitled Gold-plated Tungsten 
Knit RF Re?ective Surface, issued Sept. 2, 1986 and 
assigned to the assignee of the present application, there 
is described a new and improved antenna mesh con?gu 
ration formed of small diameter (e.g. 0.4-1.5 mil diame 
ter) gold-plated tungsten wire that has been knitted in a 
tricot knit con?guration, so as to be able to effectively 
absorb thermoelastic changes in the wire and thereby 
retain the intended shape of the antenna. Namely, be 
cause of the inherent properties of its multiple loop 
structure, a tricot knit con?guration is able to permit 
relative displacement between loops of wire at different 
portions of the mesh in response to environmental (ther 
mal) changes, so that the intended contour of the an 
tenna is effectively continuously maintained. 
The present trend is toward increased RF aperture 

sizes for space-deployable antennas. These larger diam 
eter structures must maintain high precision contour 
accuracy over the range of orbital thermal conditions to 
operate at the higher RF frequencies. To minimize ther~ 
moelastic distortions, materialswith a near-zero coeffi 
cient of thermal expansion (CTE) become particularly 
attractive. Another factor closely associated with the 
larger diameter antenna structures is the weight contri 
bution of the RF re?ective surface itself. Materials 
should be selected which minimize the weight per unit 
area of the paraboloidal re?ective surface. For example, 
a representative weight savings of 30-35 lbs. can be 
realized for a l50foot diameter antenna by utilizing 
low-density material for the re?ective surface. Materi 
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2 
alslsuch as tungsten wire and molybdenum wire are 
utilized in the design and construction of tricot knit 
mesh re?ective surfaces for space deployable antennas. 
The basic weight density of these metallic materials 
signi?cantly exceeds that of some non-metallic materi 
als. In addition, some metallic-materials are subject to 
sputter degradation in the presence of (non line-of 
sight) nuclear radiation. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, there is 
provided an enhancement to the metallic knit mesh 
antenna con?guration described in the above 
referenced Boan et al Patent, which is less massive, is 
more tolerant of nuclear radiation (lower Z number), 
has a substantially lower CTE (and thus less thermal 
distortion) and operates over a wider temperature range 
(in a hostile thermal environment). Pursuant to the en 
hancement of the invention, ?ne diameter graphite ?la 
ments, which have been individually coated with a 
stress absorbing layer (e.g. a thin metallic or organic 
cladding), are assembled into yarn bundles of a size 
corresponding to the tow parameters of a tricot knitting 
machine. Because of the stress absorbing coating, the 
graphite ?bers, which, by themselves, are inherently 
brittle and unable to tolerate substantial changes to their 
bend radius pro?les, are able to be successfully knitted 
into a tricot mesh con?guration and thereby yield an 
antenna surface structure that possesses the sought-after 
in-plane stiffness characteristics discussed above. After 
the tricot knit graphite mesh structure has been formed 
the cladding layer may be removed (e.g. by heat or 
chemically dissolved), without affecting the mechanical 
properties of the graphite strands of the tricot knit. The 
intended displacement capability of the loops of graph 
ite strands within the knit mesh structure are retained, 
as the ?bers now possess a shape that will not be sub 
jected to the twisting and bending forces imparted by 
the knitting process. In the contour of the antenna re 
?ector surface, the loops of the tricot knit mesh behave 
(physically) in the same manner as the gold-plated tung 
sten wire of the antenna of the above-referenced Patent, 
so that thermal inputs do not alter the performance 
characteristics of the graphite mesh antenna. Further, 
graphite has a very low coefficient of thermal expansion 
(one measured CTE of graphite con?guration is 
—0.23 X l0-6ppm/° F.) compared with that of tungsten 
(CTE of Tungsten is +2.5X10-6ppm/° F.), so that 
there is less sliding of the loops of a graphite tricot knit 
mesh. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a mesh radio wave 
antenna re?ector; 
FIG. 2 is‘ an enlarged detailed view of a tricot knit 

mesh construction; 
FIG. 3 is a cross-sectional view of an individual gold 

plated tungsten wire ?ber of the antenna mesh material 
described in the above-identi?ed Patent; 
FIG. 4 is a cross-sectional view of a portion of an 

individual cladded multi?ber graphite bundle of which 
the knit mesh antenna material of the present invention 
is formed; and 
FIG. 5 is a cross-sectional view of the portion of the 

multi?ber graphite bundle of FIG. 4 with the cladding 
layers removed. 



4,812,854 
3 

DETAILED DESCRIPTION 

Referring now to FIG. 1, there is shown a typical 
antenna structure in which the improved graphite knit 
mesh material of the present invention may be incorpo 
rated. As shown in FIG. 1, the antenna comprises a 
paraboloid dish 10 made of a network of ?bers 11 the 
spacing or hole diameter among which being deter~ 
mined by the frequency of the RF energy to be re 
?ected. As described brie?y above, the knit mesh is 
preferably a tricot type mesh con?guration which, as 
shown in detail in FIG. 2, is de?ned by multiple loops 
with at least one of the loops being folded back upon 
itself, such that relative displacement between the loops 
at different portions of the mesh is permitted, thereby 
enabling the loops at relatively different portions of the 
mesh structure to pass by one another and enter open 
regions of the mesh, and thereby be effectively mechan 
ically displaceable with respect to one another in the 
contour of the mesh in response to changes in environ 
mental (e.g. thermal) conditions. As a consequence of 
this ability of the loops to be mechanically displaceable 
in response to thermal changes, as well as the very low 
CTE of the graphite ?bers, the effective contour of the 
antenna formed by the mesh is effectively continuously 
maintained. 
Moreover, the type of mesh structure which is ob 

tained by a tricot knit has good mechanical properties, 
both from a standpoint of manufactureability and han 
dleability. The opening size of the mesh, i.e. the spacing 
8,, between loops may lie within a range of 3-90 open 
ings per inch. Since the mesh is tricot, having inherent 
multiple twist loop properties, a tear or cut in the mesh 
does not propagate. 

In order to fully appreciate the improvement pro 
vided by the use of bundled graphite ?bers in the tricot 
knit mesh con?guration of FIG. 2, it is initially useful to 
examine the make-up of the metallic structure of the 
mesh material disclosed in the above-referenced Boan et 
al patent. Referring ‘to FIG. 3, which shows a cross-sec 
tional view of an individual gold-plated tungsten ?ber 
employed in such a tricot knit mesh, each individual 
strand of the mesh is comprised of a tungsten center 
conductor 20 surrounded by a gold layer 22. The diame 
ter of the tungsten center conductor 20 may be on the 
order of 0.4-1.5 mils. An understrike layer 21 of gold, 
copper, silver or a combination of these metals, having 
a thickness on the order 5 microinches, may be coated 
on the outer surface of the tungsten center conductor 
20. This dual core is then surrounded by gold cladding 
layer 22 the thickness of which is typically on the order 
of 5 microinches to 100 microinches. 

Because of the inherent physical properties of the 
metals of which the gold plated tungsten ?ber shown in 
FIG. 3 is made, it may be drawn to very ?ne diameters 
(as ?ne as 0.4 mils) and still maintain suf?cient tensile 
strength. However, as noted previously, being made of 
a metal with high atomic number and atomic mass, each 
?ber possesses substantial density and is subject to sput 
ter degradation (erosion) in the presence of nuclear 
radiation. 

Pursuant to the present invention, an enhancement of 
the knit mesh material shown in FIG. 3 and described in 
the abovereferenced patent involves the formation of 
bundles or strands of extremely ?ne diameter (e.g. 5-40 
microinches) graphite ?laments which, when knitted, 
provide the requisite in-plane mechanical stiffness sup 
plied by the gold-plated tungsten wires of the above 
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referenced patented con?guration, yet offer improved 
(reduced) density and radiation tolerance, as well as 
possessing an order of magnitude lower coef?cient of 
thermal expansion, which assists in maintaining surface 
stability over a wider range of temperatures. 
More particularly, with reference to FIG. 4, there is 

shown a cross-sectional illustration of a portion of a 
bundle of cladded graphite ?bers 30, each ?ber having 
a cladding layer 31 formed of a metallic or organic. 
material, so as to provide elasticity to what is otherwise 
an extremely brittle ?lament. An individual graphite 
?lament, regardless of its diameter, is inherently brittle 
and has only a limited bend radius. Coating each of the 
individual ?bers with a material that has an elastic, 
stress-absorbing property, such as an organic layer of 
polyurethane, silicone, epoxy, or acryllic on the order 
of 5-250 microinches thickness, or a metallic layer of 
gold, silver, rhodium, platinum, palladium or alloys 
thereof having a thickness on the order of 5-100 micro 
inches, permits the resulting cladded ?lament to be 
subjected to the radial bend stresses that the individual 
graphite ?laments themselves cannot tolerate. 
For purposes of the present invention, metal-plated 

graphite ?laments, such as those commercially available 
in 6,000 tows or bundles from American Cyanamid 
Corporation may be employed. The 6,000 ?laments per 
bundle size is, from a practical standpoint, too large to 
be successfully knitted in a commercial tricot knitting 
machine. In their commercially sold form, the 6,000 
plated ?lament bundles are bunched together in the 
manner of a bird’s nest, but with relative movement 
among individual ?bers being afforded, are separated 
by gathering portions of the nested bundle together 
along the length of the bundle and removing a reduced 
number ?lament tow. It has been found that tows on the 
order of 300-500 ?laments per bundle may be satisfacto 
rily gathered into strand diameter that are compatible 
with the threading parameters of commercial tricot 
knitting machines. 
As provided by the manufacturer, the multithousand 

?lament tow bundles (e.g. 6,000 ?laments per tow) are 
surrounded by a protective sheath or coating of organic 
(usually epoxy-compatible sizing) material that may be 
readily removed by burning or dissolving. With this 
sheath removed, the ?ber bundle nest may be separated 
into the smaller numbered ?lament tows from which 
yarn strands that are compatible with knitting machine 
parameters are formed. The separated, reduced number 
tows are then warped onto the spools employed by the 
knitting machine and the tricot antenna mesh material is 
knitted. 

In its knitted form, the tricot antenna mesh has the 
same con?guration as the metallic knitted mesh, corre 
sponding to the multiple loop con?guration illustrated 
in FIG. 2. However, unlike the individual gold-plated 
tungsten wires of which the tricot knit mesh antenna 
?laments describes in the abovereferenced patent are 
formed, the strand loops of the knit mesh of the present 
invention are comprised of multiple strands of ex 
tremely ?ne plated graphite ?laments. Because of the 
coating of the elastic cladding, such as those mentioned 
above, there is an acceptable (minimal) level of break 
age of the graphite ?laments during the knitting pro 
cess. 

After the tricot knit mesh antenna material has been 
knit, the cladding material that surrounds the individual 
graphite ?laments may be removed by heat (e.g. bum 
ing) or by chemically dissolving the cladding. Removal 
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of the cladding does not result in breakage of the graph 
ite ?bers, since the ?bers have been bundled and woven 
to a new con?guration without the application of de 
structive stress and shear forces to the ?laments (ab 
sorbed by 'the cladding layers). The resulting knit mesh 
graphite antenna material is made up of bundled ?bers 
which now possesses a con?guration (multiple loops of 
the tricot knit mesh) that will behave physically with 
the intended displacement inherently possessed by the 
loops of a tricot knit mesh, so that the intended geome 
try of the antenna made with such material is retained, 
even in the presence of substantial thermal differential 
inputs. 
When comparing the con?guration of a cross-section 

of an individual wire of the gold-plated tungsten tricot 
knit mesh of the above-referenced patented scheme 
with the multi?lament strands of the tricot knit mesh of 
the present invention, it is to be observed that the pres 
ent invention does not involve simply substituting 
graphite for the core material of the mono?lament of 
the patented scheme. As noted above, a typical core 
diameter of the timgsten center conductor 20 shown in 
FIG. 3 may be on the order 0.4-1.5 mils. Using a 1 mil 
core diameter as an average, a graphite ?ber of such a 
diameter is extremely brittle. Surrounding such a large 
diameter graphite core with a cladding layer that is 
suf?ciently thick to absorbed the bending forces to 
which the ?lament would be subjected in the course of 
a knitting process would require a cladding thickness on 
the order of 500-1500 microinches so that what would 
result would be effectively a rod, which would neither 
bend nor be knittable in the manner of a tricot knitting 
process. 

Although, in the foregoing description of a preferred 
embodiment of the present invention the respective 
cladding layers which surround the individual graphite 
?bers are removed after the knitting process, it has been 
found that their non-removal (particularly where the 
cladding layer is highly conductive (e.g. gold)) does not 
necessarily degrade the performance characteristics of 
the antenna material. Thus, an antenna material made of 
knit strands of gold-clad graphite ?laments provides 
high performance electromagnetic re?ector properties 
and, even with the gold cladding being sputtered away 
in response to nuclear radiation, the underlying graphite 
?laments, which are substantially impervious to non 
line-of-sight nuclear radiation (as contrasted with an all 
metal ?lament in which the underlying core is also 
subject to nuclear erosion), continue to provide the 
necessary conductivity so as to enable the antenna to 
function. 
While we have shown and described an embodiment 

in accordance with the present invention, it is to be 
understood that the same is not limited thereto but is 
susceptible of numerous changes and modi?cations as 
known to a person skilled in the art, and we therefore 
do not wish to be limited to the details shown and de 
scribed herein but intend to cover all such changes and 
modi?cations as are obvious to one of ordinary skill in 
the art. 
What is claimed is: _ 

1. An antenna for electromagnetic waves comprising 
a conductive open mesh formed of strands of ?laments 
of carbon-containing material, each strand being 
formed of a bundle of plural ?laments of carbon-con 
taining material in which relative movement among 
?laments of the bundle is afforded, with each opening of 
said mesh being de?ned by multiple loops of said 
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strands, wherein at least one of said loops is formed by 
the same strand folded back upon itself, the mesh being 
con?gured such that relative displacement between 
loops at different portions of the mesh is permitted, 
thereby enabling the loops of said strands of ?laments of 
carbon-containing material at relatively different por 
tions of the mesh to pass by one another and enter open 
regions of the mesh, so as to be effectively mechanically 
displaceable with respect to one another in the contour 
of the mesh in response to changes in environmental 
conditions, whereby the effective contour of the an 
tenna formed by the mesh is retained. 

2. An antenna according to claim 1, wherein said 
?laments of carbon-containing material comprise 
graphite ?laments. 

3. An antenna according to claim 2, wherein the 
diameter of individual ones of said graphite ?laments 
lies in a range from 5 to 40 microinches. 

4-. An antenna according to claim 2, wherein each of 
said graphite ?laments is coated with a respective dis 
tortive force absorbing cladding layer. 

5. An antenna according to claim 2, wherein each of 
said graphite ?laments is coated with a respective layer 
of conductive or RF transparent material 

6. An antenna according to claim 2, wherein each of 
said graphite ?lament is coated with a respective metal 
lic layer. 

7. An antenna according to claim 1, wherein said 
mesh is formed as a knit mesh having multiple twist 
loops such that a tear or cut in the mesh does not propa 
gate. 

8. An antenna for electromagnetic waves comprising 
conductive strands made up of a plurality of graphite 
?laments formed as an open knit mesh, each strand 
being formed of a bundle of plural ?laments of carbon 
containing material in which relative movement among 
?laments of the bundle is afforded, with each opening of 
said mesh being de?ned by multiple loops of said 
strands, wherein at least one of said loops is formed by 
the same strand folded back upon itself, the mesh being 
con?gured such that relative displacement between 
loops at different portions of the mesh is permitted, 
thereby enabling the loops of graphite strands at rela 
tively different portions of the mesh to pass by one 
another and enter open regions of the mesh, so as to be 
effectively mechanically displaceable with respect to 
one another in the contour of the mesh in response to 
changes in environmental conditions, whereby the ef 
fective contour of the antenna formed by the mesh is 
retained. 

9. An antenna according to claim 8, wherein the 
diameter of individual ones of said graphite ?laments 
lies in a range from 5 to 50 microinches. 

10. An antenna according to claim 8, wherein said 
knit mesh has multiple twist loops such that a tear or cut 
in the mesh does not propagate. 

11. An antenna according to claim 8, wherein each of 
said graphite ?laments is coated with a respective dis 
tortive force absorbing cladding layer. 

12. An antenna according to claim 8, wherein each of 
said graphite ?laments is coated with a respective layer 
of conductive or RF transparent material. 

13. An antenna according to claim 8, wherein each of 
said graphite ?laments is coated with a respective me 
tallic layer. 

14. A method of forming an electromagnetic wave 
re?ective material for use as an antenna comprising the 
steps of: ~ 
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(a) providing a plurality of carbon-containing ?la 
ments each of which is coated with a cladding 
layer of mechanical force absorbing material so as 
to impart elasticity to each clad ?lament; 

(b) assembling multiple ones of said coated carbon 
containing ?laments into strands; and 

(c) forming an open mesh of strands of said coated 
carbon-containing ?laments, each strand being 
formed of a bundle of plural ?laments of carbon 
containing material in which relative movement 
among ?laments of the bundle is afforded, with 
each opening of said mesh being de?ned by multi 

l0 

ple loops of said strands, wherein at least one of 15 
said loops is formed by the same strand folded back 
upon itself, the mesh being con?gured such that 
relative displacement between loops at different 
portions of the mesh is permitted, thereby enabling 
the loops of coated ?laments at relatively different 
portions of the mesh to pass by one another and 
enter open regions of the mesh, so as to be effec 
tively mechanically displaceable with respect to 
one another in the contour of the mesh in response 
to changes in environmental conditions, whereby 
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the effective contour of the antenna formed by the 
mesh is retained. 

15. A method according to claim 14, further includ 
ing the step of: 

(d) removing the cladding layers from the ?laments 
within the strands of which said open mesh has 
been formed by step (c). 

16. A method according to claim 14, wherein step (c) 
comprises knitting said strands of ?laments to form said 
open mesh. 

17. A method according to claim 16, wherein said 
knit mesh has multiple twist loops such that a tear or cut 
in the mesh does not propagate. ' 

18. A method according to claim 14, wherein said 
carboncontaining ?laments comprise graphite ?la 
ments. 

19. A method according to claim 18, wherein the 
diameter of individual ones of said graphite ?laments 
lies in a range from 5 to 40 microinches. 

20. A method according to claim 18, wherein each of 
said graphite ?laments is coated with a respective layer 
of conductive or RF transparent material. 

21. A method according to claim 18, wherein each of 
said graphite ?laments is coated with a respective me 
tallic layer. 

* ll! * ‘I i 


